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Anomalous Magnetic Moments
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Anomalous Electron Magnetic Moment
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From Precision measurement of the fine structure constant using Caesium

atoms.
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U(1).,-., Extension

SUB)e @ SUR2)L® U(1)y ® U(1), -1,

o Well Motivated :
Anomaly free.
Interesting phenomenology related to neutrino mass, DM.
Can explain Muon anomalous magnetic moment (g — 2),.

o Better prospects of detection = Muonic Probes
e Kinetic mixing term between U(1)y and U(1), ¢, :

<BYY,,
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Anomalous on Magnetic Moment

@ Any radiative correction, which couples the muon spin to the virtual fields,
contributes to its magnetic moment:
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Anomalous Muon Magnetic Moment

@ Any radiative correction, which couples the muon spin to the virtual fields,
contributes to its magnetic moment:

One loop diagram mediated by Z,, boson.

ST 22 x2(1 — " om?
Aay = Oi/ ) 2'77;LX ( X)z o 'Zu
2 x2m? + (1 — X)MZM 2m 3M7

where o’ = g2 /(4).

n
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Scotogenic U(1),, ;. Model

Gauge Fermion Fields Scalar Field
Group Ne N, N- (o3 (o] n
SU(2), 1 1 1 1 1 2
u)y 0 0 0 0 I
UMW), -1, 0 1 -1 1 2 0
Z> -1 -1 -1 +1 +1 -1

. J— M,
LD Nyiv*Du Ny — My Ny Nr + Nein* D, Ny — %NeNe — Yeuq)INeNu
— Yer®1Ne N — YM¢’;NHN# — YDeL_eﬁNe - YDML_;N-?'N/,L - YDTL_TﬁNT
— Y, OoN-N, — Y/eEHeR — YIMEHMR — Y/TTTHTR + h.c.

V(H, &) = —i (HT H) T (HT H)2 s (¢,-T¢,-) + Ao, (d>,-T¢,-)2
+ Ao, (HTH) (¢f*¢;) +my(n™n) + Xa(n'n)* + Xs(nn)(HTH)

+ Xt H)(Htn) + 22 [(HT)? + (t HY2)
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The right handed neutrino mass matrix, Dirac neutrino Yukawa and
charged lepton mass matrix are given by

Mee Ye,u vi Yerva
MR - Yep, %1 YN Vo M/“—
Yerva M,LLT Yrva

YDe 0 0 1 YeV 0 0
YD == 0 YD;L 0 y Mg = —= 0 YMV 0
0 0 Yp-r V2 0 0 Yrv

Here v/v/2 is the VEV of neutral component of SM Higgs doublet H.
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(1) (H%)
@ Z, symmetry under which RHNs and 7 “ot
are odd. TS
y "
@ Neutrino Mass: ay N
N L
ik hjge M 2 2 “ o om? m’
(M,/)U = : BE [Lk(mn,?) - Lk(mn,)] ; L(m®) = m2 _ M/% In MI%

@ Casas-lbarra parametrisation:

hei = (UD;/QRT/\W) ,

M Lm,) — L ])1

—m
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Lepton flavour violation

Br(u — ey) = :'?2 |Ap|*Br(p — ev,ve)  ta If L

Y

h
Ap =>4 Tkz" W f(tx)

where t, = me/ M$+ 10l
MEG Constraint : >
Br(p — ey) = 4.2 x 10713 éw'“
&
Parameter: My, Mo, M3 € [1,1000] GeV , " bz30 cev: Mt
M, € [100,1000] GeV
and A5 6 [10_107 10_3] " (; 2(‘)0 4(‘)0 )‘5660 860 1000
My, in GeV
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Aay in Scotogenic Scenario
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In spite of the possibility of having positive and negative contributions to (g — 2)
from vector boson and charged scalar loops respectively, the minimal scotogenic
L, — L, model can not explain muon and electron (g — 2) simultaneously.
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VLFD Extension of scotogenic U(1),, . model

Vector like fermion doublet W7 = (¢%,4~) ~ (1,2,—1,0) Z, odd.
L=V (in"D, — M)WV — Y, UH(N + (Ne)¢) — YyeWiner + h.c.

- 1 . - _
_ﬁmass = /VWJE?/J?? + EMeeNe(Ne)C + m,D(w(ZNe + w%(Ne)C) + h'C~
For the dark sector in the basis ((/%)¢, 4?9, (N1)€)T as :

0 M mp
M = M 0 mp
mp mp M1

Diagonalisation by a unitary matrix
U(H) = U13(913 = 9).U23(923 = 0).U12(912 = %)

1 0 0 %cos@ %cos@ sin 6
U= ( 0 e™/2 0 ) 7 0

0 0 1 —Lsing —-Lsinf cosh

V2

\
5

V2
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Dark States and and Parameters

The emerging physical states: y, = L\/%“)C
cos 0 0 0\c H c
The diagonalisation requires: Xu = W(Z/JL + (¥R)) +sin O(Ny1)“,
2v2 mp Yoo = = (0~ (U2)).
tan 26 = m 2L \/E eL R
sin
Xaw = —W(iﬁ? + (w??)c) + COSG(NI)C :
Mass Eigen Values: Dark Parameters:
AM sin260
my, = Mcos® § + My sin® 6 + mp sin 26, Yw“Tv
my, =M, M =~ m, cos? 0 + my, sin” 0,
my, = M cos?0 + Msin? 0 — mpsin20. My ~ m,, cos? f + my, sin” 0;
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Electron (g — 2) in Extended Model

cos @ 1 sind

R = - o - X

R \/5 1L \/§ 2L \/5 3L L / N n
cos b 1 sinf TN L

0
Y = WXM + EX2L - Wxﬂ
(N1)¢ = sin® x,, +cosf x,,

er, f \ ‘R
> X1:X3 >
- me sinfcost . p m, p m3,
de = _87T2M$+ V2 Re(hre wE) * [mxl LR(Mrzﬁ) M LR(M$+)}

1 —x% +2xlogx
2(1—x)3

fLR(X) =
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Common Parameter Space
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Dark Matter Phenomenology
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Collider Signatures

2

G
Cyt syt & f(fﬂ cosf.)? sin? AAM3

2
1 Mt
AM?

~ GE _ 5 5 m;
rw:{:_)x3[j:l,l ~ 5.3 sinc0AM>y\ /1 — AM2

@ Opposite sign dilepton + missing energy
(06~ + Er)

@ Three leptons + missing energy
(¢et + Er)

@ Four leptons + missing energy
(eeee + Br)

o Single lepton with jets (¢* + jj + Er)

o Displaced vertex signature of )™
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@ Both dark sector phenomenology and the
flavour observables are deeply coupled.

@ Being in agreement with all relevant
bounds, the model remains predictive at
CLFV, DM direct detection as well as
collider.

-

00

@ In addition to the singlet-doublet
parameter space sensitive to both high
and low energy experiments like the LHC,
MEG (or (g — 2)) respectively, the
existence of light L, — L. gauge boson at
sub-GeV scale also remains sensitive at
low energy experiments like NA62 at
CERN, offering a variety of
complementary probes.
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Thank You !
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Neutral Fermion Mass Matrix

Neutral fermion mass matrix for the dark sector in the basis
(%) 9L, (Ne)E, (NL)S, (N-)) T as

Y % 0 0
M 0 % 0 0
M — Y,L/,V wi M Yeuvl Yervi — M MD (1)
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Neutral Fermion Mass Matrix

Ne = cipciz3Ni + (—c3s12 — ci251353) o

+ (—cr2c3813 + s12523) N3
N, = sipci3Ny + (ci2c3 — s12503513) Vo
+  (—s12e23513 + c12523) V3
N: = s13N; + c1353N2 + c13c23 N3 (2)

Thus the neutral fermion mass matrix relevant for singlet-doublet DM
phenomenology can be written in the basis ((¥/%)¢, %9, (N1)°)T as

Y,
0 M €12€13 % 0 M mp
M = M 0 C12C13 % = M 0 mp

Yyv Yyv mp mp M
C213 5 C12C13- /5 c2cM; b D

_ 2 2 _ Yypv /
Where My = cfycis My and mp = c12c13% = cipc13mp,
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DM-SM Interaction

Eint = W”Y“[*’%T WN - Iglng,]w
—|— NiR’I’YH(_IgI,LT Y;LT(Z,U«T)I")NRI'
e N
= (55 conag ) 72"

2sin Oy cos Oy

e _
4 O W™ Ty W 0 3
ﬁsinew(d}V LT YWY (3)
— e "N'YHAuwi
B ecos 20w T -
(2sin9wcosew)¢ 72t
+ Yy WH(N. + NY).
where g = Sine@W and g’ = CO:OW with e being the electromagnetic
coupling constant, 6y being the Weinberg angle and g, is the U(1)., (.
coupling constant.
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